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Technical field of the invention 

The present invention relates to a permselective 
asymmetric hollow fibre membrane for the separation of 
5 toxic mediators from blood, comprised of at least one 

hydrophobic polymer and at least one hydrophilic polymer. 
Further, the present invention relates to a process for 
the preparation of such a membrane, and the use of said 
membrane in hemof iltration for treatment of toxic media- 
10 tor related diseases - 

Background of the invention 

A significant number of patients in intensive care 
"units die from a secondary complication known commonly as 

15 "sepsis" or "septic shock". Medical illness, trauma, 

complication of surgery, and any human disease state,, if 
sufficiently injurious to the patient, may develop into 
systemic inflammatory response syndrome ("SIRS"), multi- 
organ system dysfunction syndrome ("MODS"), and multi- 

20 organ system failure ("MOSF") . 

The mechanism of. SIRS is the excessive release of 
host derived inflammatory mediators, herein referred to 
as toxic mediators ("TM") , TM include various cytokines 
(tumor necrosis factor, TNF; the interleukins; inter- 

25 f eron) , various prostaglandins (PG I. sub. 2, E.sub.2, 

Leukotrienes) , various clotting factors (platelet acti- 
vating factor, PAF) , various peptidases, reactive oxygen 
metabolites, and various poorly understood peptides which 
cause organ dysfunction (myocardial depressant factor, 

30 MDF) . If the inflammatory response is excessive, then 

injury or destruction to vital organ tissue may result in 
multiorgan dysfunction syndrome ("MODS") . Sepsis is the 
single most common cause of SIRS leading to MOSF. 

\Wi 2 V •» 1 1' . 41 b i - _9ta0i * -n I luHc V I VMSC : I WW * 

Ab *v.uiei\ ii* -Ml i * r.\3u.;ju apj«: l>.fiit s. tomi* cu-ci'** iuu -ora is;* 
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Hemofiltratlon («HF«) was developed as a technique 
to control overhydration and acute renal failure in un- 
stable patients and may use a hemofilter consisting of a 
cellulose derivatives or synthetic membrane (e.g., poly- 
eulfone, polyamide, etc.) fabricated as either a parallel 
plate or hollow fibre filtering surface. Current HP 
membranes, when used to treat acute renal failure 
associated with MOSF have been associated with incidental 
improvements in organ function other than the kidneys. 
However, these membranes remain deficient in the treat- 
ment of MOSF because their specific design 
characteristics prevent them from removing TM in the 
upper molecular weight range of recognized TM. 

The pores of most conventional hemofiltratlon 
membranes allow passage of molecules up to 30,000 Daltons 
xn water with very few membranes allowing passage of 
molecules up to 50,000 Daltons. The membranes used to 
treat renal failure were generally designed to achieve 
the following specific goals: (i) to permit high conduc- 
tance of the aqueous phase of blood plasma water needed 
to permit the formation of ultraf iltrate at a fairly low 
transmembrane pressure (typically 20-40 mm Hg) , which re- 
quires a relatively large pore size that incidentally 
passes molecules of up to 30,000 to 50,000 Daltons; and 
(ii> to avoid passage of albumin (e.g., 68, 000 Daltons) . 
Loss of albumin, and subsequently, oncotic pressure 
could cause or aggravate tissue oedema and organ dysfunc- 
tion (e g., pulmonary oedema), so hemof liters are often 
designed to avoid this by having molecular weight exclu- 
sion lamxts well below the molecular weight of albumin 
(e.g., 68,000 Daltons). 

During filtration of protein containing solutions, 
after only 20 min the accumulation of protein as a gel or 
polarization layer occurs on the membrane surface. This 
gel layer dramatically reduces effective pore siae, 
reducxng the filterable molecular weights by roughly 10- 
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40%. Therefore, pore sizes selected axe somewhat larger 
than needed, anticipating a reduction in effective size. 

US-A-5 571 418 discloses a novel method of 
continuous arteriovenous hemofiltration using a polyeul- 
5 fone or similar material, hollow f±b re hemofilter with a 
" r i9ht limit of up to 100,000 to 

150,000 Daltons as therapeutic regimen for sepsis, 
multiple organ failure (MOF) , systemic inflammatory re- 
• sponse syndrome (SIRS) or other mediator-related 

10 diseases . 

The device and process described in US-A-s,s 7 i 4ia 
generally contemplates the use of large pore hemo^ 

tltT With P ° re SiZeB t0 *~ Vid * -lecular - 

water. With these higher molecular weight cut-offs, these 
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m^H disclo8BS Psrmselective assymmetric 

membranes suitable for hemodialysis and a procesTfor the 
manufacturing thereof. Said me ^ rane bas a ^l t Lee! 

cZr/r^ baV±n3 hi9h dif *- 1 - PermeaLli ty , 

: e r a h T a ! lr3t ±Mler laW * «- form of a dLse 
rather thin skin, having a thickness below , 3 * 

!7 lmUm POre ai2e °* about 8 nm, responsible for the 
Sieving properties, a second layer in the form If a 

Z:r~T' haVln9 a ° f abouT lt Vi5 Mm 

«JLZ * fin9er sfc ^ture, giving the 

membrane a mechanical stabilitv »r>* u CJle 

to r - 1118 ~ ^~^r* 8 ot 
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preferably dried. 
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Summary of i-hp invention 

The object of the present invention is to provide an 
proved permselective asymmetric hollow fibre membrane 
coL ^ P ! rat±on of ^xic mediators from blood, 

llZT V ^ lea8t hyd ~P hob " Pol^r an^ at 
least one hydrophilic polymer. 

This object is achieved by a membrane, which all™* 
passage of molecules havincr » , allows 

Dalto™ ~ saving a molecular weight of 45 000 

exci rr sen i ce : £ whoie bi °° d — * -—JL 

A fStLf n J ln ^ ° f ^ 20 °' 000 nitons. 

A ruarther object of t-Vua i . 

J or CJie invention is to provide * 
Proc.ee for the preparaWon o£ fche 0 f°^ d6 * 

present invention. eBe 
steps^ * ' »«— -^riaing the 

en. the ^^T^^-'^* 1 '' 

• Polymer aolutioT^ * ■*"«■* « 

OU t.r b ri„r a ^r 9 ,' he '""^ P ° 1 * m " through an 

c) extrud " "°" U WiCh tK ° — "Peeing, 
o) extruding a centre fluid through the ± m J- ™ 
ing of the nozzle, and M opan_ 

^rlr^rtL""^ Pr " f '" bly the 

-eight* hvdro^, T y ° BC SOl « lon =on*rieee xo-zo 
pol^*. yaTOPh0blC POl ^ er — -i 3 ht* hydrophilic 

•Hewing paeeege JZtl JZTot IT ° £ 
praaence of whole blood a^ wL^ "' 0<, ° Dalto ™ » 
»«er of ahout 200 . 000 ^Z^^ " 
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tae entire known range of TM 
S is 7^ M « «f f ^— — a M 3 n selective 

conjunction with th*» ^v- ot .,j cajcen in 

with the drawings and the appended claims. 

Brief description of th e drawing s ! 
tb. anclosad drawing., ta .J^ referen ° e ^ — - 

p isr 3a and 3b shows the 
different Cranes r ! 9 *°* t* 

membrane" and t^TT ! * ^ standa ~* ^9* flux 

standard high flux J^^^J^ f ~ * 

invention, ° r the m e»brane of the : 
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F *9 5 Shows valuta 4« 

"in after initiation 0^11^/ ^ *** flltrat « 30 
invention, and Oration by the membrane of the 



'02 12/20 11:41 FAX +46 40 260516 AWAPA1WT AB @00S 

+46 40 260516 

r 'M7- 2 0 

® Hyvyi'V-on Koosan J 

Fig 6 shows the removal of circulating mediators in 
Renal Intensive Care (RIC) /sepsis for a standard high 
flux membrane and the membrane of the invention. 

5 Detailed description of preferred embodiments 

The present invention provides a permselective asym- 
metric hollow fibre membrane for use in a method of 
treating a pathophysiological state by filtering blood, 
comprising the steps of: withdrawing blood from a mammal; 
10 filtering the blood; removing an ultraf lltrate of plasma; 
and returning said blood to the mammal. The methods of 
the present invention may use either continuous arterio- 
venous or continuous venovenous hemofiltration. 

As used herein, the term "hemof iltration" , HP, 
15 refers to a process of filtering blood by a membrane with 
separation of all formed elements, all proteins larger 
than effective pore size, and retained plasma water and 
solute (these return to the patient) from ultraf lltrate . 
As used herein, the term "ultraf iltrate" refers to 
20 the filtered plasma water and solute and molecules 

(including target peptides and proteins) smaller than 
effective pore size. 

The term «hollow fibre membrane" used throughout the 
application text is intended to cover everything from one 
single hollow fibre up to several single hollow fibres 
and one or more bundles of such hollow fibres, each fibre 
having a filtrate side and a- blood side. 

The term "flat sheet membrane" u B ed throughout the 
application text means a micropore containing flat 
30 membrane having a filtrate side and a blood side. 

As used herein, the term "Toxic Mediators" , TM, 
refers to a heterogeneous group of chemicals synthesized 
and released by human tissue. TM include the inflammatory 
mediators of SIRS (cytokines, prostaglandins, oxygen 
metabolites) , various clotting factors, various pepti- 
dases and various toxic peptides. The molecular weight 
range of known TM is 1,000-60,000. 
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As used herein, the term "hemofilter" , refers"^ the' 
filter used in hemof iltration. it is confi^ e^er 
a series of parallel plates or as a bundled 

s It ; T blood path ifl from * PO« 

the body of the filter * ^^ a£lltrate accumulates inside 
o I filter contained and embodied by the 

r.f^r^LT'f ' ^ "•"»«*P~«1 circuit- . 

hem^i,! " y8tem of P 1 —*- attached to the 

nemof liter which is uao* ~i txie 

line carries blood from the blood outlet nrJ-VT 

to a vein. The ultrafil t «,«-» , • OUtlefc P° rt returning 

fxom the ultrafitm ^ 

♦.^ » «iixcrate drainage port on the filter 

to a from *ic„ ultrafiitrate ie niec^c 

to exclude cHl , ^"i"*! property of a membrane 
^exclude or peas TO1 ecuaee of a epecific moieouiar 

(concentration in filtrate) / (concentration in £ aed> 

approowatf T B " ° £ "* ^ "on. the 

presence of^o^looThf ? " 4S '° 0 ° ta 
the molecular «Tht j . ^ »««ine, which mean* 

coefficient J T 0 ^in haVinS * SleVln 9 

- ueeo herein the teL ^rofl/T ^ 
cut o«» Khich ttteane the moLSar ZZ 7 S ' " J? 0 "*** 1 ■ 
Win 3 a sieving coefficient (s) ofTf L leer 
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The membrane, in a preferred embodiment of the 
present invention has a unique structure, including a 
specific 3 -layer structure with an innermost layer, i. e. 
a blood contacting layer, having a glomerular structure 
5 of the skin with pores having a size in the nanoscale 
range. In Fig la and lb cross sections of the membrane 
structure according to the invention are shown, and in 
Pig 2 a scanning electron microscopic picture of the 
inner surface of the membrane. Pore channels between 
10 glomerular polymer clusters consisting of a mixture of 
hydrophilic polymers and hydrophobic polymers are shown. 

At least one hydrophilic polymer and at least one 
hydrophobic polymer are present in the membrane as 
domains on the surface. Preferably the hydrophobic poly- 
15 mer is present in an amount of 10-20 weight%, based on 
the weight of the membrane. The hydrophilic polymer is 
preferably present in an amount of 2-11 weight%, based on 
the weight of the membrane. 

The hydrophobic polymer according to the invention 
may be chosen from the group consisting of polyarylether- 
sulfone (PAES), polypropylene (PP) , polysulfone (PSU) , 
polymethylmethacrylate (PMMA) , polycarbonate (PC), poly- 
acrylonitrile (PAN) , polyamide (PA) , or polytetraf luor- " 
ethylene (PTPE) . 

The hydrophilic polymer of the invention may be \ 
chosen from the group consisting of polyvinylpyrrolidone I 
(PVP), polyethyleneglycol (PEG), polyvinyl alcohol (PVA) , 
and copolymer of polypropyleneoxide and polyethyleneoxide 
(PPO-PEO) . ! 

The membrane of the invention has in a preferred » 
embodiment at least a 3-layer asymmetric structure, in 
the innermost layer of the hollow fibre a separation 
layer is present, having a thickness of < o.S urn and 
containing pore channels, having a pore size of 15-60 nm, 
35 preferably 20-40 nm. The next layer in the hollow fibre 
membrane is the second layer, having the form of a sponge 
structure and in a preferred embodiment a thickness of ' 

f : tt ^,^K HeC»oailJ*-.ion..«mjn, : 4 wpi» 
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aboutl-i 5Mfflandaervlaga8 9 a ^ H -^-^n 

layer. Then, there is tnird i ! ^ 

a fM»™ - d laver ' having the form of 

a finger structure, it provides like a framework a 
mechanical stability on th« „„„ ^ J a 

- ™:\L f ssr- rri r- 

» -r vo^r l— ^ i tsrus: . 
rHhT^rr^ ~ d ha - * ---- e 

60 Mm . PrCTOnt lnveat ^ a thickness of 20 to 

the high cut of r I V ^ ^ f 1UX — and 

" ni£r11 cut off membrane according to the 
shown, in Pig 4 the r>y^< , invention are 

19 * cne Protein loss is innof^h^ „ 
be seen from the figures the « I illustrated. As may 

membrane according to^L 9 COefficlent <* the 

20 to the high f S L^r superior 
yxi 1-j.ux membrane and at t-V./-> . , 

of albu»in i. signifi,.^ ™£ "™ «*= 
taction. According to a IrJZZjT^T^" the 
invents th. sieving -LESTtTSST • " 
of whole blood is below o 05 albumin in presence 

25 media^rAnl^ L^^* 

to the invention the sieving ^£Zi Zl lh 
presence of whole hlood is 0.»-i. 0 . 111 

In a preferred embodiment- i_ 
above described three-layer^,^ " Mbr «» having the 
- fourth layer. whisTL Z StrUQtUr " ■ l - includes , 
fibre ".eJr^e ^t„is nir" ° f **« holl °» 

"-so, has open" 3 s : r PoresTthf ° Ut " 
and the nunfcer of said pores are t «T " "* 
to iso.ooo pores/rf, preferaiy ^ ooo t^" "* 10 '° 00 
pores/mm 2 , mis fourth i 20,000 to 100,000 

of 1 to io 2 * ^ *™°'*°lr has a thickness 
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An advantage of this embodiments ie the provision of 
a hollow fibre membrane, which is non-sticky and is easy 
to handle This results in less cracks and holes in the 
fibres during the manufacturing process, which in turn 
5 leads to less scrap in the manufacturing process. Another 
advantage is that the hollow fibre has less tendency to 
adhere to the hollow fibres adjacent in the bundle due to 
the high number of pores on the surface. Thus, the 
dialysate surrounding the hollow fibres during use has 
enhanced access to the hollow fibres since they are less 
inclined to adhere to each other. 

This specific surface on the outside of the hollow 
fibre is achieved by modifying the spinning polymer solu- 
tion composition only in the outer section of the hollow 
fibre membrane wall by penetration of water from a very 
specific steam/air atmosphere into the first 1-15 m of 
polymer solution layer just before the precipitation from 
the inside arrives at this layer. 

The manufacturing of the membrane according to the 
present invention follows a phase inversion process, 
wherein a polymer or a mixture of polymers is dissolved 
in a solvent to form a polymer solution. The solution ie 
degassed and filtered and is thereafter kept at an ele- 
vated temperature. 

Subsequently, the polymer solution is extruded 
through a spinning nozzle (for hollow fibres) or a slit 
nozzle (for flat film) into a fluid bath containing a 
nonsolvent for the polymer. The nonsolvent replaces the 
solvent and thus the polymer is precipitated to an 
30 inverted solid phase. 

In the present invention the polymer solution 
preferably is extruded through an outer ring slit of a 
nozzle having two concentric openings. Simultaneously a 
centre fluid is extruded through an inner opening of the 
nozzle. At the outlet of the spinning nozzle thfcentre 
fluid comes in contact with the polymer solution and at 
this time the precipitation is initialised. The precipi- 
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tation process Is an exchange of the solvent from the 
polymer solution with the nonsolvent of the centre fluid. 
Through this exchange the polymer solution inverses its 
phase from the fluid into a 60lid phase. In the solid 
S phase there is built, by the kinetic of the 

solvent /nonsolvent exchange, the pore structure, i. e. 
asymmetry and the pore size distribution. The process 
works at a certain temperature which influences the vis- 
cosity of the polymer solution. According to the inven- 

10 tion the temperature at the spinning nozzle and of the 
polymer solution and centre fluid is 30-80°C. The 
viscosity determines the kinetic of the pore forming 
process through the exchange of solvent with nonsolvent. 
Subsequently, the membrane is preferably washed and 

IS dried. 

By the selection of precipitation conditions, e. g. 
temperature and speed, the hydrophobic and hydrophilic 
polymers are "frozen" in such a way that a certain amount 
of hydrophilic end groups are located at the surface of 
20 the pores and create hydrophilic domains, other domains 
are built by the hydrophobic polymer. A certain amount of 
hydrophilic domains at the pore surface area are needed 
to avoid adsorption of proteins. The size of the hydro- 
philic domains should preferably be within the range of 
25 20-50 nm. m order to repel albumin from the membrane 

surface the hydrophilic domains also need to be within a 
certain distance from each other. By the repulse of albu- 
min from the membrane surface direct contact of albumin 
with the hydrophobic polymer is avoided and consequently 
30 the absorption of albumin. 

The polymer solution preferably comprises 10-20 
weight% of hydrophobic polymer and 2-11 weight% of hydro- 
philic polymer. The centre fluid comprises 45-60 weight* 
of precipitation medium, chosen from the group of water, 
glycerol and other alcohols, and 40 -5S weight% of 
solvent . 
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In a preferred embodiment of the invention the poly- 
mer solution coming out through the outer slit openings 
is on the outside of the precipitating fibre, exposed to 
a humid steam/air mixture. Preferably, the humid 
> steam/air mixture has a temperature of at least 15'c 
more preferably at least 30"C, and not more than 75«C, 
more preferably not more than 60°C. 

tur. *7 VT ly ' Wdlty ** the hUmid «~/1r mix- 

T\ Jl ** 60 ^ l ° 0% Snd the ««*«t in 

5 weig^. Steam/air miXtUre iS 0,5 and 

into !f ^ eXtrUSi ° n ^able additives may be mixed 

are used °' ^ POlyB ~ a ° 1Uti ° n ' ^ 

are used to form a proper pore structure and optimise 

therewith the membrane permeability, the hydraulic and 

fdff^ iVe PermeabiUt * and ^e sieving properties. The 
additives may be said to work as pore controller, m a 

tion cont r° dlment ° f thS iWenti - «» Po^er solu- 
tion contains 0.5-7.5 weight% of a suitable additive 
preferably chosen from the group comprising water, glyc- 
erol and other alcohols. 9 Y 

from th a 0rdln9 ^ ^ ±nVenCi0n the solv ^ may be chosen 
mXf COn5>riSiag ' --thylpyrrolidon (nmP) , da 

methylacetamid (DMAC) , dimethylsulphoxide (DMSO, A- 
methylformamide (DMF) butvroiar^n. „ . 
solvents. *>utyrolactone and mixtures of said 

of the C InvfntL t0 * ********* of the invention 

of the invention, the conditions on the outside of the 
membrane and the combination ,.w--u ^ , tne 
tlon centra ® ° omo4nation - with the polymer composi- 
tion, centre fluxd and temperature of the spinning 

according to the invention, i. a . four integral 
layers.Depending on the ratio ^ iIlce 9rai 
layers get different thicks -mponents the four 

it win be readily apparent to one skilled in th« 
art that various substitutions and modifications Ly be 
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made to the invention disclosed herein without departing 
from the scope and spirit of the invention. 

The present invention will now be illustrated by way 
of non-limiting exiles of preferred embodiments in or ! 
tlon the undemanding of the inven- 

Examples 
Example 1 

" A polymer solution ls prepared by nixing 14 weioht% 

of polyarylechersulfone, o.s weight* of polyLd. , 

of pvp K30. 2 „ei g ht% of water and 7 S ^ wei'nt* 

serf's ° f 52 Wel3h " — " HHP . 

serves as a centre end precipitation solution. The 

15 vrscoeity of the polymer solution, measured at , 
temperature of 22 «c is 4,5 p as . 

a« ri r° tre "* P ° ly ^ r SC * Utlon h^ted to 57-C 

and pumped towards a .2-component hollow fibre spinneret 
The polymer solution emerges from the spinnere^o^ * 

from the spinneret in tn!' ! C ~~ e ° 1Uti ° n emer ^ 
solution tune " order to ^ """^ 

polymer solution f " of the 

25 Lue^l! T *** inSlde to ^termine the 

25 inner diameter of the hollow fibre 

solutiLrenters T' * ^lymer * centre 

steam cioo-c, « r ^ f ^ * ° f 
30 spinning shaft Th! * »J«*«d into the 

adjusted by the ^ * * haft is 

j « oy cne ratio of steam and air at 52 °c Th« 

length of the spinning shaft is 890 Z I L 
gravity and a motor-ariven roller \7\ I * ° f 
drawn from too to wT * ' h& hollow f ibr * « 

3B spinning shaft t^TZ^T^ 

The spinning velocity ±T 15 n mL directio - 

subsequently l ed thr Lgh a ca S «de of ^ " 

s« a cascade of water bathes and 
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temperatures increasing from 20 to 90°c. The wet hollow 
fibre membrane leaving the water rinsing bath is dried in 
a consecutive online drying step. After a texturising 
step the hollow fibre is collected on a spinning wheel 

±LI ° f " bUndle ' After the bundle 

enls are 2"* T^*' " P ° tted WiCh Polyurethane, 
^ b ° th eideS ° f the di *^*- a header is 

fixed to the housing, the dialyser is rinsed with hot 

10 2 ^ W±th thia drying step, 

10 an amount of 19 g of residual water per m* effective 

membrane area is left on the dialyser. The filter device 

and packaging, the dialyser is steam-sterilized within 
^ the package xn an autoclave at 121-C for 25 mm. 

Example 2 «-?nm r ^ M . r ^ 

ch a »^T red ^ eXan5,le "°- ° nly the Allowing was 
change* in the composition of the polymer solution : 15 % 

20 therSUlf ° ne ' °' 5 % ° £ ^ 3 % of 

20 K30, 0% of water and 75. S % of NMP 

to- 4?* CO ? ,093 ' ti a 0a ° f the ° enfc « -I"**"! was changed 
to: 48 % water and 52 % nmp . 

The polymer solution temperature was 4 6 o C , and the 
spinning shaft temperature was 42'C. 

Example 3 (Comparative) 

changedTHn ^ ^ ^ the lowing was 1 

changed in the composition of the polymer solution- 14% 

30 K3 0 P 3 r o T etherSUlf0ne ' °' 5% ° f *<*ramida, « of PVP 
30 K3 0/ 3% of water, and 75.5% of nmp 

to- 6 otVr POSiti ° n ° £ the Centre e °l-t:ion was changed 
to: 60% water and 40% NMP, cnangea 

The polymer solution temperature was 53 -c an* 
spxnning shaft temperature was 48«.^ ' 
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Results 

The resulting properties of the hollow fibre 
membranes according to the examples are presented in the 
table below. 

Lp - Hydraulic permeability of water (10" 4 cm/s/bar) . 

c » Clearance Urea at qb - 200 ml/min, qd =500 
ml/min, UF -0 (ml/min) . 

3 &2M = Sieving Coefficient for £-2 -Microglobulin 
<MW=n,aoo) measured in whole blood. 

S IL6 - Sieving Coefficient for InterleukinS (MW- 
26,000) measured in whole blood. 

S alb - Sieving Coefficient for Albumin (mw= 68,000) 
measured in whole blood. 



as 



Example 
No'. 


LP 

(10- 4 
cm/s/bar) 


C 

(ml/min) 


S 02M 


S IL6 


S alb 


Pore 1 

size 

(nm) 


1 


218 


181 


0.98 


0.95 


0.011 


20-40 


2 


190 


182 


0.99 


0.98 


0.146 


>100 


2 


54 


178 


0.81 


0.36 


0.002 


10-15 
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for tL PermSeleCtlve **y*metric Hollow fibre membrane 

comprised of at least one hydrophobic polymer and at 
least one hydrophilic polymer, 

paesaoe LVi * * 1 " * in said' membrane allows 

0 Jl\ in P " s « nce <* whole blood, 

2- A membrane according to claim i 
nyoropniLc 1? " * ' * * *" " »— — 

c h a r a cTeTiTT* * "* °< cWl ~ 

hydrophobic polyLr I vLZT' " lM " ° M 

weloht* . Present in an amount of so-so 

weight*, based on the weight of the membrane. 

char, rr™"".* 000 ^ t0 ^ °< elalms *-». 

weight, based on the ^ZT^J^J* ™ 

c h a ; * rrrr to ° f 

nydrophobic polymer L cLn ^ t T " ^ ~ 

Of Poly.ryiether.ulf one !Y 

polysulfone (Psm „ , ' pol » n W 1 "» <«> . 

oarLat. ';i«o y T thylmath "° Iyl " a «— » • P-*V 

or PoXytetin^ttreTe 0 :^, 16 ' (! *> ' 

c h a 6 ; a rrrr^nT" 3 to My ° f — 

hydrophlllc polymer 1. Jj£ " ld " one 

=f Polyvinylpyrrolidone toTv^ P"* 

Polyvinylaloohol ( PV*, . « iiSSrS~* J, ~ 1 ' 
Poaypropyieneoxide and Polyethylen^ . 



'02 1-2/20 11:42 FAX +46 40 260516 AWAPATEifT AB gj 019 

+46 40 260516 

17 HUW^T-W K „2iOT 

7. A membrane according to any of claims 1-6, 
characterized in that said membrane has at 
least a 3 -layer asymmetric structure. 

8. A membrane according to any of claims 1-7/ 

5 characterized in that a separation layer is 
present in the inner most layer of the hollow fibre, 

9. A membrane according to claim 8, 
characterized in that the separation layer 
has a thickness of < 0-5 jim. 

1° 10. A membrane according to any of claims 8 or 9, 

characterized in that the separation layer 
contains pore channels. 

11. A membrane according to any of claims 1-10, 
characterized in that the pore size in the 

15 separation layer is 15-60 nm, preferably 20-40 nm. 

12. A membrane according to any of claims 1-11, 
characterized in that the sieving 
coefficient for IL-6 in presence of whole blood is 0.9- 
1.0. 

20 13. A membrane according to any of claims 1-12, 

characterized in that the sieving 
coefficient for albumin in presence of whole blood is 
below 0,05. 

14- A membrane according to any of claims 1-13 , 
25 characterized in that the openings of the 
pores on the outer surface are in the range of 0.5-3 nm 
and the number of said pores are in the range of 10,000 
to 150,000 pores/ram 2 , preferably 20,000 to 100,000 
pores/mm 2 . 

30 15 • P*r°<=ess for the preparation of a membrane 

": according to claims 1^14 by solvent phase inversion 

■J spinning, comprising the steps of 

-! a> dissolving the at least one hydrophobic polymer 

and the at least one hydrophilic polymer in a solvent to 
f 35 form a polymer solution, 

\ W extruding the formed polymer solution through an 

outer ring slit of a nozzle with two concentric openings, 
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c) extruding a centre fluid through the inner 
opening of the nozzle, and 

d) subsequently washing and preferably drying the 
membrane , wherein the polymer solution comprises 10-20 

5 weight* hydrophobic polymer and 2-11 weight% hydrophilic 
polymer. 

16. Process according to claim 15, wherein the 
centre fluid comprises 45-60 weight % of a precipitation 
medium chosen from the group of water, glycerol and other 

10 alcohols. 

17. Process according to any of claims 15 or 16, 
wherein the centre fluid comprises 40-55 weight% of 
solvent . 

18. Process according to any of claims 15-17 , 

15 wherein the polymer solution emerges from the outer slit 
opening is, on the outside of the precipitating fibre, 
exposed to a humid steam/air mixture, 

19 ♦ Process according to claim 18, wherein the 
temperature of the humid steam/air mixture is at least 
15°C, preferably at least 30°C, and not more than 75°C, 
preferably not more than 60°C. 

20. Process according to any of claims 18 or 19, 
wherein the humidity in the humid steam/air mixture is 
between 60 and 100%. 
25 21. Process according to any of claims 18-20, 

wherein the solvent content in the humid steam/air 
mixture is between 0,5 and 5 weight%. 

22. Process according to any of claims 15-21, 
wherein the polymer solution contains 0.5-7.5 weight% of 

30. suitable additives. 

23. Process according to any of claims 15-22, 
wherein the solvent is chosen from the group coiqprising, 
n-methylpyrrolldon (NMP) , dimethyl acet amid (DMAC) , di- 
methylsulphoxide <DMSO) dimethyl formamide (DMP) , 

35 butyrolactone and mixtures of said solvents. 

24. Process according to any of claims 15-23, 
wherein the temperature at the spinning nozzle and of the 

..n 131*1., r.«dnl£van\jiiju:j\M-3s^a JWta.Jcn.«mjM»rriim.r *m 7 >;n-. Mr 
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polymer solution and centre fluid, is between 30°C and 
80°C. 

25. Use of a membrane according to any of claims 1 
14 in hemof iltration of whole blood for treatment of 
5 toxic mediator related diseases. 
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ABSTRACT ' 

The present invention relates to a permselective 
asymmetric hollow fibre membrane for the separation of 
5 toxic mediators from blood, comprised of at least one 

hydrophobic polymer and at least one hydrophilic polymer. 
Further, the present invention relates to a process for 
the preparation of such a membrane, and the use of said 
membrane in hemof titration for treatment of toxic media- 
10 tor related diseases. 
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Protein loss into filtrate 



Proteine (xng/L) 
3000 



1000 



Filtrates 
mean ± SJ> 




High Cut-Qfif 
-V— STD HIGH-FLUX 
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IL-6 values in plasma and filtrate 30 min after initiation of 

high cut off filtration. 



2 3 



3 



700 
600 • 


y«0,99x 


• 


500 - 






400 " 






300 ' 


• > 




200 " 




• 


100 

0 ! 


" ■ -i 1 


att=!0,5hr 



100 200 300 400 500 600 
Plasma XL~6 [pg/ml] 



700 





0.5 hr 


Interieufefris-6 Sieving CoBflBdertf 
Ihr 2hr 4hr 


12 br 


JfighCut-Off 
30KDscdHP 


0,03*0,05 


0,93*0,32 0,93*0,30 0,88*0,28 
0.01*0,03 0,0130,02 0,01*0,02 


0,75*0,33 
0,00 
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Removal of circulating, mediators I RIC/sepsis 
-Acute renal failure 
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